damage might be expected to have an effect upon the functions of receptors, enzymes, and transporter proteins within that membrane. Vitamin E is the most important chain breaking antioxidant in biological membranes,3 which is present in the small intestine in amounts comparable with those found in many other tissues.4 A deficiency of vitamin E may therefore render the enterocyte membrane more susceptible to oxidative damage. We have examined the hypothesis that vitamin E deficiency results in oxidative damage to enterocytes leading to a change in gastrointestinal function. Cell damage sustained in this manner might therefore be important in the pathogenesis of protracted diarrhoeal disease. In this paper we report the effects of chronic vitamin E deficiency in a well validated rat model5 upon parameters of lipid peroxidation, membrane biophysical characteristics, and intestinal transport in vitro in rat jejunum.
Abstract
Increased concentrations of reactive oxygen species in children with depleted antioxidant defences have been implicated in a cycle of malnutrition, malabsorption, and infection leading to protracted diarrhoea. A rat model of chronic vitamin E deficiency has been used to study the effects of antioxidant depletion on jejunal structure and function in vitro. Basal intestinal short circuit current (Isc), a measure of net electrogenic ion movement across the intestinal eqithelium, was greater in chronically vitamin E deficient jejuna than controls, as was the electrogenic secretory response to aminophylline and Escherichia coli STa but not to bethanecol. The galactose stimulated current was also greater in vitamin E deficient jejuna. Indices of lipid peroxidation (concentrations of thiobarbituric acid reactive substances and malondialdehyde) were increased in the vitamin E deficient small bowel. Small intestinal brush border membranes from vitamin E deficient animals displayed changes in both static and dynamic components of membrane fluidity measured by steady state fluorescence polarography. The results of these studies support the hypothesis that oxidative stress in subjects with compromised antioxidant defences results in small intestinal hypersecretion, which could predispose to or perpetuate protracted diarrhoea. (Gut 1994; 35: 34-39) damage might be expected to have an effect upon the functions of receptors, enzymes, and transporter proteins within that membrane. Vitamin E is the most important chain breaking antioxidant in biological membranes,3 which is present in the small intestine in amounts comparable with those found in many other tissues.4 A deficiency of vitamin E may therefore render the enterocyte membrane more susceptible to oxidative damage. We have examined the hypothesis that vitamin E deficiency results in oxidative damage to enterocytes leading to a change in gastrointestinal function. Cell damage sustained in this manner might therefore be important in the pathogenesis of protracted diarrhoeal disease. In this paper we report the effects of chronic vitamin E deficiency in a well validated rat model5 upon parameters of lipid peroxidation, membrane biophysical characteristics, and intestinal transport in vitro in rat jejunum. Materials plasma concentration was 34-5 (1-4) itmol/l in istropy was calculated from the polarised E+ animals, but undetectable in the E-.
-scence intensities using the standard After 52 weeks on the diet, vitamin E was ion anisotropy, R,=(Iv-IH)/(IV-21H).'8 undetectable in mucosal scrapings from Ejejuna, but abundant in E+ jejuna (mean (0 09) Fmol/g lipid, n=6).
)LOGICAL STUDIES Basal short circuit current was significantly pieces of jejunum, immediately adjacent to higher (p<0005) in the E-group than the E+ used in the Ussing chamber, were either group (Table I) . This is reflected in the higher in 4% paraformaldehyde in 0 01 M phos-transepithelial potential difference. Tissue buffered saline, 2 were the maximal responses to 5, 10, and 20 mM galactose (Fig 3) . Mucosal thiobarbituric acid reactive substances were significantly greater in the Eanimals (E+ 0-67 (0.09) v E-0-83 (0 09) nmol/ mg protein, n= 10, p<005).
Concentrations of both free and total malondialdehyde were significantly higher in the Ejejuna. (Free malondialdehyde E+ 100 (20) pmol mg-' protein v E-307 (96) pmol mg-1 protein, n= 11, p<001; total malondialdehyde E+ 168 (30) nmol/mg protein v E-397 (109), p<005, n=6.) Higher concentrations of malondialdehyde seemed to be associated with higher short circuit currents (Fig 4) . It p<001; 12-AS E+ 0-0902 (4 6x 10-3 99% CI) v E-0,0967 (6 2x 10-3), n=6, p<001).
The total fatty acid composition of the two groups of brush border membrane (expressed as mol %) showed no statistically significant differences in fatty acid profile (Table III) . The ratio of total lipid to protein in the brush border membrane ([tmol/mg) was, however, significantly higher in the controls (E+ 0-62 (0-03), E-0 54 (004), n= 12, p<005), and so the absolute amount of each fatty acid present was less in the E-brush border membrane.
Histological studies ofsections cut from jejuna of both groups showed no significant differences with either light or electron transmission microscopy (Fig 5) . Protracted diarrhoeal disease remains an important world health problem accounting for roughly five million deaths worldwide each year. The pathogenesis ofthe progression from a seemingly minor infective diarrhoeal episode to this life threatening disorder remains ill understood. The intimate association of protracted diarrhoeal disease with malnutrition and malabsorption' and the compelling arguments of Golden et all led us to explore the relation between vitamin E deficiency, free radical production, and small 5 intestinal secretion and absorption.
This study shows an increase in both basal and group.bmj.com on November 7, 2017 -Published by http://gut.bmj.com/ Downloaded from secretagogue induced electrogenic anion secretion and galactose coupled cation absorption in the small intestine in chronic vitamin E deficiency. These findings are associated with increased levels of lipid peroxidation within the small intestinal mucosa and a biophysical change in the enterocyte apical membrane.
We have used vitamin E deficiency as a means to increase free radical fluxes because this is the most important lipid soluble antioxidant in biological membranes.3 Vitamin E, however, has both antioxidant and structural roles in biological membranes,'9 and so our model is one of both vitamin E depletion and increased free radical fluxes. The small intestine has an innate resistance to oxidative damage,"2" which is independent of vitamin E, and this may account for the comparatively small changes seen in both lipid peroxidation and electrogenic secretion despite a chronic and severe deficiency of vitamin E. Increasing free radical fluxes within the small intestine by other means, for example with ionising radiation, has been shown to result in a decrease in net fluid absorption. 23 with proteins. Vitamin E depletion alone without lipid peroxidation would, however, be expected to decrease the measured anisotropies with both probes -that is, 'fluidise' the membranes.33 A decrease in the lipid/protein ratio of the apical membrane, as has been noted to occur in the vitamin E deficient animals, would have the effect of increasing the measured anisotropy with both the probes used though given the magnitude of the change it is unlikely that this accounts for the increase in anisotropy on its own. The anisotropy data presented here pertain to a membrane 'average', and the use of probes that partition into different membrane lipid domains might provide further understanding of the changes we have seen. The relation between these changes in fluidity and enhanced intestinal secretion is unclear. There are other mechanisms whereby oxidising stress might predispose to secretion including direct actions upon membrane proteins34 and release of pro secretory substances from the subepithehum.
This study shows that chronic vitamin E deficiency is associated with oxidative damage within the small intestinal mucosa, a change in enterocyte apical membrane biophysical characteristics, and enhanced basal and secretagogue induced secretion and sodium coupled glucose absorption. The relation between these findings is worthy of further investigation.
There are clearly many reasons why malnourished children should be prone to develop protracted diarrhoea.33 Our data lend support to the hypothesis that malnourished children with depleted antioxidant defences36 are predisposed to upper small intestinal hypersecretion. We suggest that this is one mechanism whereby malnutrition might predispose to the perpetuation of the diarrhoeal state. This will have implications not only for subjects with idiopathic protracted diarrhoea but also for malnourished subjects in whom a specific cause for the diarrhoea has been ascertained.
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